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MECHANICAL IMPULSE MEASUREMENTS CLOSE TO EXPLOSIVE CHARGES

ABSTRACT

A mechenical plug gage is used for measuring "face-on" impulse in air
blast close to spherical Pentolite explosives detonated in air at different

ambient pressures. The data are compared with previous results.

. . 1/3
The study indicates that at small distances (24 1.5 ft/1b™/ ) the change
in normally reflected impulse with variation in ambient pressure is negligible;
it further su
the explosive is due to the flow of the explosion gases and that the interchange

of impulse between positive and negative phases is small.
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upon a rigid wall by the normal incidence of an air shock. Its use for routine
comparison of different explosives has brought out the importance of several
_anomalies now apparent in previous work, particularly the failure of Hopkinson
scaling.5 Moreover, the ambient pressures ranging between sea level and
100,500 ft altitude and scaled distances (R/Wl/ 5) from 0.5 to 2.0 ft/lbl/ 5
used were not sufficient to distinguish between Sachs's scaling for ambient
pressure and the absence of any effect of ambient pressure on normally
reflected impulse. The present study was undertaken because a reliable
estimate of the effect of altitude was required. The marked failure of
Hopkinson scaling at the larger scaled distances (Zz >»1.5 4.3 ft/lbl/j) made
necessary a detailed study of parameters affecting the results. Hopkinson
which states only that both distances and times scale linearly with
charge dimensions, appears to be a necessary consequence of the fundamemtal
equations of adiabatic spherical fluid flow. It is later shown that measure-

ments of first positive impulse scale correctly.

Measurements in this work extend to lower ambient pressures and to greater
distances from the explosive charge than those previously published and show
that normally reflected impulse close to the charge (Z £ 1.5 ft/lbl/5) reaches
a limiting value as the ambient pressure is reduced, and that Sachs's scaling
of impulse fails as does that of peak pressure. (The peak pressure ratio,

sre 4a 4R Aamandant ~F omh
QLT 1o Laucpciiuciiv vl

The equipment used is a simplified form of that described previously%’e
In Table V, measurements on equipment of reference (2) are largely those
obtained photographically. All other results not previously published are
from measurements made electronically. The method for stopping the counter
chronograph found most reliable and now used is a "make" circuit between a

pair of springs located in the base of the enclosure within which the plug falls.

-3



The magnetic plug support has been eliminated and the plug is supported by
narrow strips of pressure-sensitive tape or aluminum foil. The tape separates
from the plug with no measurable drag. These changes made it possible to
substitute the screw-in adapter around the plug with an inserp consisting of
lared hole in the center to accommodate the
plug. This insert is simpler and much more readily replaced when damaged in
the course of firings. Elimination of the camera not only greatly reduced the
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ed enclosure of the space, in which
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the plug travels, by a 12" diameier tube thus eliminating the effect of blast
on the chronograph "stop" mechanism. A loose sleeve provides quick access to
the contact springs. These changes have resulted in a simply constructed piece
of equipment which is more readily movable. Moreover, results appear to be
somewhat more reliable than when a camera was used, although the precision has

not been improved.

Measurements for study of the equipment at sea level were made in the
open; those at reduced ambient pressure were conducted i

cylinder 12 feet in diameter and %0 ft. long. The lowest ambien

R

5
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condition attainable rapidly and reliably maintained was 20 mm o
which simulates an altitude of approximately 80,000 feet. Measurements at
simulated altitudes of 100,000 and 125,000 feet and those at a scaled distance
of 3 ft/lbl/5 using charges weighing more than 1/8 pound were made in the 30-ft

diameter blast sphere?
STUDY OF PERFORMANCE OF EqUIPMENT

The increase in reflected impulse with charge weight, so apparent in
o 1/3%
reference (1) at a scaled distance of 2.5 feet per pound ’ ~, appeared to some

1/3

extent at all distances greater than 1 foot/pound

1/3

pound . The obvious unknown reproducibly affecting the results is the time

and even at 0.5 foot/

over which the impulse is measured. The compilation of data on spherical
Pentolite by Goodman5 shows agreement between plug and piezoelectric gage
measurements of normally reflected impulse to within the precision of the
measurements. This suggests that the published measurements are, at least
approximately, those of positive impulse. An empirical test of this inference

was therefore undertaken.
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Tables I-LII give results for charge weights of 1/8 to 1 pound at 0.5,
2.5 and 3.0 feet per poundl/j, The plate previously employing the screw-in
adepter was 1" thick, the plate with insert now in use is 3/4" thick. Thus
when the surface of the plug has moved a rela

acceleration, positive or negative, is small. If accurate impulse measure-

ments are assumed, then at a given scaled distance the velocity of the plug

plug mass., The time tp given in Teble II is approximately that for the plug
to move through the plate thickness or length of tube attached to the back
of the plate. It is apparent that, except at the smallest scaled distance,
shortening the time for passage of the plug into free air behind the plate
increases the impulse. Figure 1 shows this from the data of Table IT.
Presumably the negative phase of the blast decelerates the plug when this
time of passage is long. Little is known directly of the duration of the
l/5) which
Curtisb used. The results with a three-inch length of tube attached to the

various phases, except at the larger scaled distances (2 >’5 ft/lb

back of the plate, though of low precision, show that when the pressure on
the top of the plug is maintained near that in the shock for more than a few
milliseconds the reduction in impulse is large. This is in general agreement
with the computations of Brode7 for TNT and with the observations of Curtis6
at larger distances from spherical Pentolite charges. The times required for
a measurable effect of the negative phase are an order of magnitude longer
than would be expected from piezoelectric gage measurements of positive
duration. This may result from a large over-estimate of the time during
blast is effective in accelerating the plug, from damping in the piezoelectric
gages, or from both. Further study with improved instrumentation is needed

to resolve such apparent disagreements.

In planning these experiments, it was anticipated that lengthening the
time of measurement (duration of loading) would lead to a measure of total
impulse, i.e., that a limiting value would be found at long times. While

there is a suggestion of this in Table II, no minimum was found. A maximum
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TAELE 1

Scaled Impulse, I/Hl/ 3 as & Function of Charge Weisht
and Fibre Plug Weight

(Scaled Distance = 0.5 ft/1b%/>, Ambient Pressure 1 Atmosphere)

Plus Mass, grams Average over
17 - 19 » -3 50 - 60 Plugs
Nominal 1
Source Charge w3 ys o N w3 ys o ¥ N2 ys o0 NN /3 s 1 N F Testo
Wt., 1bs. psi-ms/1b psi-ms/1b pei-ms/101/3 psi-ms/1lb 1% level
New 1/4 720 21 1 719 17 1 762 DU 727 2k 27 Mcans Unequal
ERIM 1088 1/4 763 6 12
All 1/k 73 27 3  Means Unequal
Rew 1/2 762 % 6 733 3% 5 775 23 7 759 3 1¢  Means Unequil
ERIM 1088 1/2 823 12 19
All 792 43 37  Means Unequal
New 1 755 27 17 765 3% 8 808 22 s 772 29 20 Means tqual
ERIM 1088 1 TTs 15 6
All 1 T72 29 26 Means Ejuanl
Average
Over Chg.
Weights
Nev T41* 39 2k 73 33 24 m* 25 17 750 35 65 Means Unequal
ALl 772 35 55 ™t 22 22%
New 1/2, 767 33 Lb  Means Equal as
All 1 1b.

3 dgroups or 7

Boxed value taken &s "best value”

+ means equal

# means unequal

* one round discarded in mean or means

o; = standard deviation of individual measurement in psi.-lls/n:l/3

N = mumber of measurements
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TABIE II

1/3 . e ¥
Bffect of Charge and Plug Masses and of Plate Size on Measured Normally Reflected Impulse, I/W /3, ‘h’si-nl/lbl/ %
at 2.5 £t/ 1M‘ﬁbilmt Tressure 1 Atmosphere

Fiate fice [8ource  |Nominal Flug Mass, gremf Average Over
and Charge : Plugs
Thickness Weight :
. 2.5 17 -18 X i 55 - 00
ft. new x-
;l;nat and I/".i/j oi | X t-.p/wl/ 3 I/wl/ 3 ERR tp/wl/ 3 1/“-‘71/ > o1 | N 1;9/\11{ 33 I/wl/ > ot | N -;p/wli 33 I/Hl/" R
8 rt. (BRIM - s 1/3 T /3 - s /1b ) ms/1b -
3 , ns/ 10/ s/} . /
Plates 1" thick] New 1/8 9.3 | 7.6}5 1 48.9 | 5.5012] 1 L 4l.5 ] 1.916 20 35.1 | 2.2] 5 50
New 1/% 53.1 | 3.915 6 .3 | 5.2{6 22
1088 1/4 47.6 | s.b]20 13
New | 1/2 55.6 | 2.6] 5 0.l 65.3 | 2.1} 5 3 48.3 | 0.6] 5 13
1088 || 1/2 53.0 | 3.2)17 8
New 1 68.6 | 4.0]5 0.3 66.1 | 3.6|10] 2 63.5 1 3.715 3 6.8 | 0.8] 5 6 63.2 {6.0
1088 1 60.9 | 6.5]26 3
1088 2 62.0 | 3.8]8 2
All 182 63.1 15.8
Average i
Over [
Charge k.5 | 8,11 15
Masses
Five ft. dla. New 1/€ 85.0 [ 5.5[ 5 T 57.9 T 3.87T5 2
eircular plate | New 1 59.7 | 3.5[5 0.2 70.0 | 5.3] 10| 6
0.75 inches
thick
e ft. dia. Fev 1/F 87.0 | 2.6] 5 T 52.0 | 2.0 5 ER
circular plate Nev 1 60.0 | 1.6]5 0.2 62.3 | 2.0] 5 5
Average 63.6 | 8.8] 35 0.2 62.6 | 3.1]20]— 6 61.2 | 5.91 29 6 67.3 | 5.0 29 6 63.2 | 6.0
over chg
&
plate
gizes
MEree KX, dla. | New 118 55.6 ] 5.915 5 29.6 | 2.1 % 150
plate v/3"tube New 1 97.4 | 5.5] 5 1 4.8 | 5.8} s 90
(oot included
in averages
because of
large standard
deviation)
¥ve ft. dia. Few 1/8 537 ] 9.6] 5 5
plate w/3" tube| New 1 2.9 3.715 1
(oot included
in Aversges)

Averagie cmitted where ;intan suggest trend.
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TABLE III

Sea Level Measurements of Normally Reflected Impulse at 3 ft/].bl/5
" Equipment Charge Wt., 1lbs. Plug Mass, Grams I/Wl/ 51 / o N t Wl/ ?
psi-ms/1b%/ 2 w8 /16t 2
ERL Memo. 1241 17.4 h6.6 5.1 15
31.5 37.2 2.3 5
New 1/8 10.5 58.0 1.0 5 2.5%
1/8 17 - 18 36.0 6.5 12 6
1/h 17 - 18 37.6 L.y 5
1/2 17 - 18 53.7 1.k 5 3
1 17 - 18 Sk b4 1.0 5 2
17 - 18 55.4 15

Average of new data for tp = 5%

* 3/L" thick plate

** b, is time (in milliseconds) for plug to move through plate thickness or tub

back of plsate.
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plug weight is suitably adjusted to charge size. The difference between

means found with 2-3 gram plugs probably results from weighing tc 0.1 gram

only. Also these plugs were of balsa wood and sometimes tumbled. The light

plugs do show that even a ong-eighth pound charge of Pentolite can be used if .
the plug weight is reduced to a suitable value. This is a great convenience

at reduced pressures, permitting the use of smaller equipment and a smaller

chamber.

Several plate sizes were used because diffraction is another possible

cause of failure of Hopkinson scaling. No appreciable edge effects appeared.

The size of the equipment will be reduced for increased portability. It is
 difficult to account for results at the 0.5 I"oot/’poundl'5 scaled distance,
Measured impulse increases with both charge and plug weight. Table IV shows
that it also depends on the material of the plug. All these effects are
small, but because of the precision of the measurements at this distance are
significant. 1In comparing the materials, similar rounds were fired alternately
with fiber and with aluminum plugs. Reflected peak pressures at this scaled

distance are in

]

xcess of 25,000 psi so that compression and distortion of the
plug probably play a role in these anomalies. The shock velocity in the fiber
is much less than in aluminum and damping greater so that it is possible that

initial drag on the aluminum plug is greater, but this is entirely speculative.

Since results at reduced pressures are in accord with Hopkinson scaling

1 .
except at the shortest scaled distance, (Z = 0.5 1b/W /5) no similar

atiidvr
101 1. V SldilLlGl OV

uay
was made under high altitude conditions. Reflected peak pressure increases
more than linearly with ambient pressure while normally reflected impulse is
nearly independent of ambient pressure at small distances. Th
the positive phase 1is longer at reduced pressure8 and the negative phase has

a greatly reduced effect upon the total impulse under similar experimental

conditions.
RESULTS

Results of measurements are reported in Tables V and VI and shown in
Figure 2. 1In spite of the large amount of work on the performance of the

equipment, some unexplained discrepancies between the original results of

1k
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TAELE IV

1/%

,

Comparisor of Aluminum 2024T4 and Fibre Pluss at Z = 0.5 £t/1b
1/4 Pound Nominel Cnarse Weisht

Aluminur Plug Fibre Plug
Plug Azbient Conditions 173 ! Plue Ambient Conditions a1/ Mear T W13
I c N < =~ = I/W - o R Fean 1, e
. . 1 - e
Mass, P, atms ALt f: 1000 psi-ms/lbl/b Zi;sn; P, etms Alt. r;(‘ 1000 o5d ms/lbl/j pst-ms 1t4
20,3 1 o] 682 17 s 17-18 1 [o] 720 21 1 708
- Means Unequal
o 1 0 67is a7 = 30-31 1 ¢} 715 17 o1n T
Means Unequal
6.k 0.73% 10 651 29 17.9 2136 10 706 1k s n7E 12
Means Unequal
%.4 0.53 20 649 7 5 17.9 .93 20 700 21 5 €T 4
Means Unequal .
3%.b 0.263 52 679 24 5 18 .263 32 13 2u 5 69 29 1°
Means Unequal
Aversge A 677 2T 2 Tk 20 37
- . Means
Equal Equal

Averegs 2 types 699 24 6




TABLE V

Sea Level Normally Reflected Impulse (psi-ms/lbl/B) Measurements at Distances
Between 0.75 ££/1b%/3 and 2.0 £t/10%/>

Source Scaled Digt. Nom. Chg. ,I/Wl/5 o N Remarks
ft/1b Wt. 1b.
1088 1/h4 376.2° 8.0 28
Present 1/4 348.0 17.0 17
10 .75 1/2 382.2 12.7 26 Not averages of report, rounds
10 1 364.1  1h.4 19 discarded on basis of average
over weights.
Present 1 348.7 6.9 5
Average .75 1/k-1 368.9 17.5 95 Means not equal
Present 1/8 192.2 7.1 3 Omitted in average
1088 : 1/h 221.8 8.7 20
Present 1/4 225.2 16.5 &4
1088 1/2 3.7 L4 19
Present 1.00 1/2 231.3 20.3 6
1088 1 229.0 13.3 23
Unpub. 1 214k.4  10.9 10 Modified equipment of BRIM 1241
Unpub. 1 238.1 6.4 7 Orig. equipment of BRIM 1241
1088 2 225.7 18.2 8
Average 1/4-2 227.9 12.4 97 Means equal as 2 classes below
but unequal as 8 :
1088 Av. 1.00 1/h-2 228.1 10.9 70 Means equael
New work 1.00 1/4-1 227.2 6.4 27 Means equal
1088 1/4 124.0 5.1 29
Present 1/4 120.0 6.6 5
1088 1.50 1/2 130.9 5.0 32
Present 1/2 128.9 7.6 . 9
1088 1 135.7 6.8 42
Present 1 132.0 6.1 5
Average 1.50 1/h-1 130.4 7.2 122 Means unequal as six classes or 3
Average 1.50 1/2-1 133.0 6.7 88 Means unequal as four classes or 2
1088 Av. 1.50 1/4-1 130.9 7.5 103 Means unequal
Average 1.50 - 1 135.3 6.8 47
Present 1/8 7.6 - 2
Unpub. 1/k .2 3.2 13 Orig. equipment of 1241, 31 &
plug, 7 rounds
Present 1/4 87.9 6.5 5
1088 2.00 1/2 79.6 5.1 12
Present 1/2 88.0 - 1
1088 1 87.2 L2 8
Unpub. 1 85.6 4,3 18 Modified equip. of 1241, 17 & plug
10 rounds
Unpub. 1 8.7 5.9 12 Orig. equipment of 1241
Average :
Omitting 2,00 1/4-1 8.6 5.6 56 Means equal
First Two

sets
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TABLE V1

rmnlle B

Reflected Positive Impulse as & Punction of Scaled Distance and Ambient

Pressure

o e h-
W 1.00 °.737 0.526 0.263 0.132 0.0526 0.0270 0.010 0.00%"
AYe_ 1000 s a 10 20 2D 8 Ly - AR £ b A ™ 1 e, TAmietm. Amoma_a
YIS R ~ - < . e 1 and S 4 4 i Bl Valay AVET W
s 1pa1/3 s B 1pal/3 o ¥ A3 o xrml/d o N3 g /3 g mrmlit oowrwt ey ¥ INYS e I e ¥
Seaied Digtgnees 4y ST Y. . 1/3 . 1/3 . 1/% v yia e N )
I 7 poi-an/id™ - pei-ms/1* 7 psi-us/1b*/ 7 pai-me/1b' ° psi-ms/1d~ - psi-ms/1b*'“ psi-ms/1bt/ psi-:8/1b"/’ pai.ms/1b/° psi-ws 11
0.5 1 33 W ‘ ™ 2 7 7% 2 9 7% 21 ATz I % Tx FORY.
om %0 ¥ ¢ 2h 5 36 0 10 W6 30 10 322.2 LA % 322 125 305.2 9.2 9 W 1 ¢ 300 M6 <0 - 9
= 1.0 122 97203 16 10 22 L 520 11 71867 5.1 5187.56.4 26186.9 2.0 51%0.1 bk 1879 5.7 At
1.5 1%.3 6.8 A&7 11k 10 7 1R 10 10 106.7 k.0 . 5 88.8 5.4 5 90.9 6.4 5 90.5 1.8 = B7.0 2.6 5 89.3 kb 20
2.0 8.6 5.6 % 7B.4 h.0 5 68.9 3.2 5 66.59.6 17 52.5 L.910 8.1 k.2 10 51.8 3.5 & sS8.1 k.28 .6 5.1
2.9 63.7 6.1109
3.0 ”».Ah 21 1% bl.12.1 5 3.3 2.5 5 26.77.8 8255 2.511 2.3 3.8 21.6 1.2 2a.h 2.9 19

i /
h.\-ou-mu.mmz-oon/n""mmmmsmmecmwmnumornmnmwmtm.

pt at Z « O.T5 n/nij’. (F test)

Lisiting svereger @0 p_ O independ of p,

.



Johnson, Patterson, Olson and these remain. Therefore, the choice of "best
value" for the scaled impulse at sea level is to some extent subjective.
Lacking a method of determining possible sources of error in previously
completed work, reconciliation is no longer possible and the newer work,
resulting from more detailed checks and on greater experience of operating
personnel, has been preferred. The differences in the results are small and
do not affect the general conclusions. In some instances, theoretical con-
clusions given in the section on Interpretation of Results were given some
weight. There are no significant discrepancies between the new results and
those of Olson, Patterson and Williams? The statistical treatment, discussed
in the next section, causes the differences in conclusions as to equality of

means.

The striking feature of phe results is the small change in normally re-

flected impulse with ambient pressure shown in Table VI and Figure 2.
STATISTICAL TREATMENT OF THE DATA

As far as possible the methods of references (1) and (2) have been used.
An F test appears unsulted to comparing groups of measurements of varying
standard deviations, particularly when a Student's t test at a different level
has been applied to selecting measurements within groups. Unfortunately the
F test was incorrectly made in reference (1). Even when the rejection of
measurements is based on the mean of all groups, as with the sea level measure-
ments here but not in that report, means obtained with different charge weights
are unequal at the 1% level at scaled distances of 0.5, 0.75 and 1.5.as well
as 2.5 feet/poundsl/i. However, it is clear in looking at the data of that
report that variations of impulse with charge weight are random, showing no
trend except at 2.5 feet/poundsl/i. The F test apparently gives reasonable
results only when applied to larger groups of these measurements, probably
because the condition of equal distributions of errors is not met within a

smaller group.

18
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weights but not on the basis of the mean from the different ambient pressures
because Hopkinson scaling was assumed a priori, while there is no reason to
n

expect reflected impulse to be inde

S < 128
~

(o]

nt of altitude except as note

[o7)

in the

data of reference (2) and that presented in this work.
SOURCES OF ERROR

The larger standard deviations of measurements at intermediate pressures

oacacannra
CoowL -

Trn t+tha A
. w4 vac Cy=

lindrical chamber mercury manometers are used, open-end for higher and closed-

end for lower pressures. The manometers are at some distance from the chamber

duced by the difficulty of reading the manometer and by lnequalities in pressure
caused by slight leaks in the chamber. At low ambient pressure, impulse is
nearly unaffected by these errors. In the blast sphere, a more accurate aneroid
pressure gage 1s used so that measurements at 3 feet/poundsl/5 do not show this
dependence of uncertainty on ambient pressure. The relatively poor precision

of measurements at this distance results from the large gravitational correction,
which makes the percentage error in impulse twice that in velocity. A lighter
plug would probaebly increase thelr precision.

n

those made from pressure-time histories at greater distances using Sachs's
scaling and found no conflict. This agreement is fortultous and results from

the low ambient pressures and restricted distance range of data in reference

(2). The impulse drops, at small distances, approximately as the reciprocal
of the square of the distance. In Sachs's scaling, for this distance relation,
b)

~2l3,,.2 2[3,
=CW '7/(Rp, "7)
or

2
(la) I = CW/R

where I is the impulse the ambient pressure, W the charge mass, and C a
P )PO )

\Y]
(@)



constant. Thus Sachs's scaling predicts, for this variation of impulse with
distance from the charge, that the impulse is independent of ambient pressure.
Since the latter statement 1s correct at low ambient pressures, the conclusion
of reference (2) does not conflict with their data. However, extension of

their work suggests another interpretation.

The variation of positive impulse approximately with the inverse square
of the distance, with its independence of ambient pressure at low pressures,
suggests that the measured impulse is the impulse of flow of the explosion
gases. This interpretation could be checked directly by measurements of total
impulse. Interchange of shock impulse with ambient air vanishes as the ambient
pressure decreases. Thus, the limiting total impulse of flow at low ambient
pressures decreases inversely as the square of the distance from the charge.
In general, the total radial impulse of flow increases at the rate pouU or
P-po, where P is the density of the ambient air, u the material and U shock

velocity, P-po is the peak overpressure. The total flow impulse per unit area is

() 1, =1 + }E fT(R) - (P-p ) dat =1 + AIF/lmRE

R 0
The integral was evaluated for p, = 1 atmosphere by the Computing Laboratory
from.the smoothed compiled data of Goodman. It and IO are the total scaled
impulse at scaled distance Z and at shock formation, which is assumed to be
at the charge surface. R is the distance of the front from the charge center
at time T(R) and r is the distance from the charge center. In Table VII,
IOR2 is giveh as computed from equation (2) and the measured impulse, I
assuming that P/pO is independent of p,- IO, thus computed, is seen to be
constant and equal to the value of Im at low ambient pressures at distances
less than 2 feet/poundsl/B. We therefore add the following hypothesis:
interchange of impulse between positive and negative phases is small out to
a distance of 1.5 foot/poundl’/5 (11 charge radii). At greater distances and
‘one atmosbhere ambient pressure, the same computation gives much lower values
of I0R2 indicating that the negative phase has an appreciable and rapidly
increasing influence on normally reflected positive impulse as the shock moves

7

to distances beyond 10 charge radii. In Brode's computations, this is near

the shortest distance at which the particle velocity does not increase
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TABRLE VII

Initial Impulse of Flow per Steradian Pound
from Equation (2) and Table VI

EY
Scaled Distance 2, t't.ll\:aﬂT

Impulse 05 Flow, Amblent Conditions p, Meanse” F Test. weacs
pei-ms 11</1b atms. .5 .15 1 1.5 2 z.c 3 over F s
a,/u.u 1.0 9.08 23.6 u6.8 119.9 216.2 351.7 479.1
(1_n‘ - Alpfu) N 1.0 182.6 184.0 181.0 185.0 122.0 4.0 7.0 183%.0 equal
oy 8.2 9.0 12.0 15.0 22.0 46.0 13.0 1.0
R b % 97 b7 56 51 51 267
(x‘n"’ < 0.737 Alp/ux)N 0.737 (169.0) 168.8 178.0 168.0 155.0 173.0 eunl
oy 13.5 10.0 2.0 16.0 15.C
L 5 10 7 5 2z
2 . .
(IR - 0.526 Alp/ux)/M 0.526 (168.0) 165.1 177.6 166.4 162.0 170.0 egual
oy 7.9 11.0 22.0 13.0 17.0
L 5 5 10 5 20
(1.122 - 0.263 Alp/w) N 0.263 180.9 188.0 188.0 208.6 190.0 unequal
oy 8.0 17.0 11.0 9.0 1°.0
| 7 10 T 5 29
(1,,)!2 - 0.132 Alp/bx) N 0.132 (175.0) 178.1 180.5 184.0 182.0 277.0  180.9 egual
oy - 2.5 5.1 14.0 20.0 22.0 4.8
L] 5 5 bl 10 5 15
(1.,112 - 0,053 AI’/’M)/V 0.053 183.6 179.9 185.0 198.2 221.0 212.0 185.6 equal
ay 5.2 6.8 6.4 1.0 17.0 20.0 8.6
X 9 5 26 5 10 & us
(1.8° - 0.027 Alpfual¥ 0.027 (172.0) 1711 185.6 200, 4 201.0 217.0  182.0 unequal
- oy 5.2 6.4 3,2 4.0 21.0 14.0
X 9 26 5 b n 17
(1R° - 0.0105 Alp/lal¥ 0.0105 1853 1.3 18.9 1950  2%0.0 187.0 190.3 equal
oy 5.2 6.2 Lok 16.0 17.0 4.0 §.8 :
| 4 5 9 5 8 8 23
(1. 32 - 0.0039 Alp/ux)u 0.0039 177.9 180.2 192.0 179.0 equa:
= o 3.5 2.6 1.0 3.2
| 5 5 5 10
Means over p . 182.3 182.0 182.0 185.0 183.c egua)
° oy 6.5 1.0 1.0 19.0 14.0
| =] s 167 89 L6k
T Test, means over P, equal unequal unequal equal unequal

Values in parentbeses amitted in averages as deviating from Hopkinson scaling.



discontinuously with time and a negatlve pressure phase precedes the arrival
of the second shock. The value of I R however, is much higher than would

be expected from Taylor' s9 work on Whlch Brode's 1s based.

New computations of detonation conditions in Pentolite have been made by
10
Ralph Shear of these Laboratories . Shear computed for the authors the value

of the integral

J; pu( ) d(% = 3.924 g/(cm2s)

where p = density, u mass velocity, in the detonation products. Changing to
the units in which the measurements are reported and multiplying by the charge
radius cubed per pound, the total impulse per steradian pound is 40.2 psi.

2 s/lb. The total impulse per unit weight is the mass average velocity,
713 m/s, or 0.39 the mass velocity behind the detonation front. This computed
value is reasonable. The measurements indicate that the 1nitial first positive
impulse is 4.5 times the total impulse of flow. Negative impulse of flow is
more than three times the total impulse, since the addition of impulse of flow
after shock formation has been taken into account in the computation of Io from
the measurements. Static impulse can be neglected at the distances in question
(Figure 2, Reference 5). Observation of negative impulse of flow presents
difficulties and requires new equipment. Attempts at measurement with simple

equipment are planned.
CONCLUSIONS
Measurements of reflected positive impulse which agree with Hopkinson
scaling can be made by careful control of the time of measurement. This

impulse is nearly independent of ambient pressure at small distances
1
(z £1.5 ft/1b /5) from the charge.

z«&zr 0.3 Qftae ‘”Lﬁ Pollrcagm T~

0. T. JOHNSON ¥ J. D. PATTERSON, II

25
TEGTIN UM, LTRARY
U . 2207 CRLIANCE
ABERDLEN PL.° G GROUND, MD.
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